lipoprotein-associated antioxidant enzyme. The Q192R polymorphism of the PON1 gene can protect against oxidative conditions, but the relationship between Q192R polymorphism and oxidative stressrelated markers remains controversial. In this study, the diacron reactive oxygen metabolites (d-ROMs) test was used to investigate the relationship between Q192R polymorphism and oxidative stress-related markers in Japanese subjects. METHODS: Patients without a history of overt cardiovascular disease who were not receiving antioxidant medication were enrolled in a crosssectional clinic-based study. An allele-specific polymerase chain reaction method was used to assess the PON1 Q192R polymorphism and compare the level of d-ROMs between genotypes. RESULTS: A total of 103 subjects were analysed. The RR genotype was associated with a significantly lower level of d-ROMs than the RQ and QQ genotypes. After multivariate analysis the relationship between the genotypes and level of d-ROMs remained independently significant. CONCLUSIONS: The RR genotype may be protective against oxidative stress in cardiovascular diseasefree Japanese subjects. In addition, the d-ROMs test can be useful for examining the role of the PON1 Q192R polymorphism under oxidative conditions.
Introduction
Oxidative stress plays a crucial role in the pathophysiology of various diseases, such as cardiometabolic disorders and malignancies. 1, 2 Paraoxonase-1 (PON1) is a high-density lipoprotein (HDL)-associated antioxidant enzyme with esterase and lactonase activities. It hydrolyses lipoproteinassociated peroxides and lactones, eliminates potent oxidants and neutralizes their end-products to nontoxic moieties. 3 -6 Polymorphism of the PON1 gene differentially affects PON1 activity and it is postulated that polymorphisms that increase PON1 activity might provide protection against oxidative conditions. 3, 4 One of the most common polymorphisms and a major determinant of PON1 activity is the PON1 K Kotani, K Tsuzaki, N Sakane PON1 Q192R polymorphism and reactive oxygen metabolites Q192R polymorphism, which is due to a single amino acid substitution with either glutamine (Q allele) or arginine (R allele) at codon 192. 3, 4 In general, the RR genotype is associated with a high level of PON1 activity and the QQ genotype with a low level of activity, 4 although the importance of the genotype on PON1 activity continues to be debated. 7 -9 Several clinical studies have reported the existence of an association between the PON1 Q192R polymorphism and oxidative stress-related markers (including markers of lipoprotein oxidation and other oxidative stress markers). No significant differences in the levels of oxidation of low-density lipoproteins, 10 -12 malondialdehyde 10,13 and 8-hydroxydeoxyguanosine 14 have been found; however the RR genotype has been reported to be associated with a lower level of low-and high-density lipoprotein oxidation compared with other genotypes. 15, 16 Other studies have shown that the RR genotype is associated with an increased level of 8hydroxydeoxyguanosine 17 and varying levels of oxidized malondialdehyde according to stroke severity (a higher level on day 1 and a lower level on day 5 after stroke compared with other genotypes). 18 The conflicting results regarding the influence of PON1 polymorphisms and oxidative stress may be partly attributable to the differences in oxidative stress-related markers employed in these studies. 10 -18 Understanding the role of PON1 polymorphisms on oxidative stress-related markers requires an accurate and convenient method to measure oxidative stress in the clinic. 19 The diacron reactive oxygen metabolites (d-ROMs) test (Diacron International, Grasseto, Italy) was developed to quantify oxidative stress by measuring the extent of hydroperoxidation of organic compounds (occurring in lipids, proteins and nucleic acids, etc.) in the clinical setting. 20, 21 The present study investigated the association between the PON1 Q192R polymorphism and the level of d-ROMs in Japanese subjects.
Subjects and methods

STUDY POPULATION
Consecutive Japanese subjects attending the clinics of the National Hospital Organization Kyoto Medical Centre, Kyoto, Japan, between 2008 and 2011 for routine examination were recruited to the study. Subjects aged > 40 years of age, who were not malnourished and not receiving antioxidant medication or antioxidant supplementation were eligible for inclusion in the study. Exclusion criteria included a history of overt cardiovascular disease, collagen disorders, malignancies, inflammatory diseases, severe kidney disease or liver disease.
The study was approved by the Ethics Committee of the National Hospital Organization Kyoto Medical Centre (No. 08-38, 11-41) and each subject provided written informed consent before participating in the study.
SUBJECT ASSESSMENTS
On recruitment to the study and after overnight fasting, approximately 10 ml of blood was sampled from the antecubital vein into tubes without anticoagulant. The blood was left for 1 h at room temperature to clot and was then centrifuged at 1600 g for 15 min at 4°C. The serum was used immediately for measurement of total cholesterol (TC), HDL cholesterol (HDL-C) and triglyceride (TG) levels using commercial enzyme reactionbased kits (Kyowa Medex, Tokyo, Japan). Serum levels of glycosylated haemoglobin A 1c (HbA 1c ) were measured using highperformance liquid chromatography (Tosoh, Tokyo, Japan).
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Body mass index (BMI) and mean blood pressure (diastolic blood pressure + [systolic blood pressure -diastolic blood pressure] / 3) were also measured. Smoking status was selfreported by the subjects at enrolment; subjects who had never smoked and exsmokers were categorized as 'nonsmokers'.
THE D-ROMs TEST
The general principle of the d-ROMs test involves mixing a biological sample with an acidic buffer (reagent R2) to catalyse the breakdown of hydroperoxides and generate new radical species. The addition of a chromogen (N,N-diethyl-p-phenylenediamine, reagent R1), which changes colour when oxidized by free radicals, allows quantification of hydroperoxides using photometric analytical equipment. A d-ROMs level in healthy subjects is 250 -300 Carratelli units (U CARR) and represents the normal range, whereas a dROMs level > 300 U CARR is indicative of oxidative stress. 22 The intra-and interassay coefficients of variation of the F.R.E.E system are 2.1% and 3.1%, respectively. 20, 21 The d-ROMs values were obtained by kinetic spectrophotometric assay (the F.R.E.E system; Diacron International, Grosseto, Italy), Briefly, 20 µl of serum (taken after overnight fasting) was mixed for 2 s with 1 ml of reagent R2 (50 mmol sodium acetatebuffered solution, pH 4.8). Then, 20 µl of reagent R1 (chromogenic substrate) was added, mixed for 2 s and incubated in a thermostatic block in the F.R.E.E system at 37°C for 3 min. The absorbance was then measured at a wavelength of 505 nm.
DNA EXTRACTION AND GENOTYPING
Extraction of DNA and genotyping analyses were performed commercially by Toyobo Gene Analysis (Tsuruga, Japan) via their gene analysis service package according to the company's protocol. Briefly, this involved obtaining buccal mucosal cells from the subjects with cytobrushes, extracting the DNA and determining genotypes by intercalater-mediated fluorescent allelespecific polymerase chain reaction using the 5′ primer of 5′-TATTGTTGCTGTGGGACC TGAG-3' and the 3′ primer of 5′-CACGC TAAACCCAAATACATCTC-3′ as described previously. 3
STATISTICAL ANALYSES
The mean ± SD or median (interquartile range) values of the data were calculated and statistical analyses were carried out using the SPSS ® statistical package, version 16.0 (SPSS Inc., Chicago, IL, USA). The genotype and allele frequencies were tested for Hardy-Weinberg equilibrium using the χ 2 -test. Differences between the groups were compared using either the χ 2 -test or one-way analysis of variance with post hoc multicomparison tests. A general linear model was used to examine the influence of genotype (as a fixed variable) on the level of d-ROMs (as a dependent variable) with adjustments for other variables (age, gender, smoking, BMI, mean blood pressure, HbA 1c , TC, HDL-C and TG). The TG values were log-transformed because their distribution was skewed from a normal distribution. A P-value < 0.05 was considered to be statistically significant.
Results
A total of 103 subjects (40 males, 63 females) were analysed. Their demographic and clinical characteristics, stratified according to their PON1 Q192R polymorphism genotype are shown in Table  1 . The genotype distribution showed the frequency of the Q-allele as 36% (74/206), which was similar to an earlier report. 22 The genotype frequencies of the studied K Kotani, K Tsuzaki, N Sakane PON1 Q192R polymorphism and reactive oxygen metabolites population were considered to be in Hardy-Weinberg equilibrium (χ 2 = 0.09, P = 0.95).
The mean d-ROMs level for all the genotypes was above the normal range (250 -300 U CARR), while Japanese individuals (women in particular) may have somewhat high levels relative to the normal range even in asymptomatic individuals. 23 The d-ROMs levels also differed significantly according to the genotype; subjects with the RR genotype had a significantly lower level of d-ROMs than those with the RQ genotype (P < 0.05) and QQ genotype (P < 0.01) ( Table 1 ). There were no statistically significant differences for any of the other measured variables (age, gender, smoking, BMI, blood pressure, HbA 1c , TC, HDL-C and TG) between the genotypes. After adjusting for these variables in a general linear model analysis, the influence of genotype on the d-ROMs level remained independently significant (F = 3.5, P < 0.05).
Discussion
The present study showed that subjects with the PON1 RR genotype had a significantly lower level of d-ROMs relative to that found for the other genotypes among this population, suggesting that the PON1 Q192R polymorphism may provide protection against oxidative stress. These findings are consistent with previous studies, 15, 16 although conflicting data on the association between the PON1 Q192R polymorphism and oxidative stress also exist 10 -14,17,18 and may be explained by the use of different oxidative stress-related markers compared with the present study. The benefit of the current study is that it used the d-ROMs test to examine the role of the PON1 Q192R polymorphism in oxidative stress, adding data obtained using this test to that of existing knowledge.
The observation that the RR genotype has 
